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module top

module dev1
top.inst1

module devl
top.inst1.inst1

module devZ
|t|:|p.inst1 .inst2|

module dev2
top.inst?

module devwd

top.inst2. devd

module dev3
top.inst1.inst3

module devd

module dev3
top.inst3

top.inst1.instd

module devb
top.inst3.insts
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oduS o lgie 4y b g all ) SO 9,0 alold a5 (60 )lge j0 Ladd 09l e 4T a3 o i ] lawg g s o JB alolé Verilog b o

Blank Space ( \s ), Tab ( \t ) , Carriage return ( \r ), New line (\n)
col o0 C )by 4 wlie MelS" Verilog (b )0 (swws zmdsd 0956
s> S oy 0 // Comments
ol o0 aebls ((Carriage Return 2S,I5 ) oz bas G £g,0 SO L g gd (0 9,0 /] Cdle b o SO Sl
> wi> moogi ¢ /* Multi Line Comments */
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Verilog ;,b; aelgd 5l cunl sals asein 9,5 due) (o b aS Sile o oo Lil oliiil g zmmo (5,135 s gs oo b Jlo cpl 0 0V Jlis

b agalys Ll as sz (6,108 medgs o9 b Jlie ol 50

/* 1-bit adder , Example of Multi Line

Comment In Verilog

The Comment Starts with /* And End wWith next Token You see */
module adder(

a, b,
ci, sum, // Verilog will Ignore white Spaces ] )
co // So You Can Define A1l of Your variables in One Or In Separated Lines

);

// The next line represent wrong Single Line
Commenting, this 1line will generate verilog Syntax Error During Synthesis.

// Input Ports
input a; input b;
input ci;

// Output Ports
output sum; output co;

// Data Types

wire a; // After a token 1like C you must put

wire b; wire ci; wire sum; wire co;

O B 5l 0ged G yad (oS 5 Djgar g Alflaz b 0 L g o Sl Djgar g s SG 0 ) e pste (eled Gl (o0 050 (g0 0y 4T jshailes
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Verilog » HTY ojlg Juls o

ol S5 9 S8 gy 4 ol (b5 G Verilog a5 bl 5l il o S5 g, Oyga (Keywords ) s o3l oS oles Verilog o

Deds o0 485 Unigue Name (L ool o g las! sle ol @
» 3385 p3liwl Unigue Name Olgie 4 0392 S )0 B9 > O g0 3 o o jlg 3ulS jl 398 o0 dmogs 1 4SS

= Unigue Name X, Siw SlelS Lol coscisl o Verilog b sl o3ls oudS ail oo ety of 5, a0 a8 Slels Jlo ool o 17 Jlie

Reg // a Verilog Keyword
Output // a Verilog Keyword
Reg // a Unique Name ( Not Keyword )
REG // a Unique Name ( Not Keyword )

Verilog)é*Lﬁ Breo o
A €55 ol 5l Sen b Jozle g o DL ol g o axaS (Identifier ) & pee oLy ol o Lsl sl ob 4
€9y (Underscore ) codle b g (o ailis g olael a5 g Ll By Ladd 0uS axgi ) Ll Bgy> 51 SO L casl o v Bjae <

g
Al (§) Yo cdle 5 (AL - ) slacl c (S5 5 Sas8) Ll By o (sl aiilys (oo b By <

Keyword *
Identifier
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g aril ol grzes Al odd attine 5, 0,5 diae) e b S ol Bire c 0 e | o OB pae o (6,105 plogon Jlie (ol o iV L

QS sed Cole, |y Verilog b acled

// valid Identifiers
clock_input counterEnable Carray$output
1386 A _TempRegister

// Wrong Identifiers
$i1386 2ndClockSource colck#?2

ol cyz ol BB sl o5 )5 den 3l auly oo Ll Sl (pl )0 waed (a5 Escaped O ey | b Byxe lei o i o2 Verilog oL o
(OX7E B 0x21 Jlogws 352 oS 31 Sl sl 55,57 ) s ailis ¢ slael ¢ cucd S Ll B9y olas 5l o )le b 25757 ] asS colaiwl O e (6105
Byre £9yi 1SS 550 Fole a0l ool sgl camlice alols gl a5 Sley B g oals £9,8 (\) Sl G 55 STL B yae ()13 6U o9, 0l o

Db o dlols T plasl 25,8 g adl S

// valid Identifiers
\486_up \Q! \1,2,3 \reset* \clock#2 \!Enable

Verilog ) o dlacl o
By, ¥ pedie Oy Verilog jo  saie slael oged aymi 6, by JUS gl Jlaws 1Ko ¢ Jlogws sl Coyd a1 slacl lgs o Verilog b o
slacl 51y caodle ol S os> & jguas Verilog wged colaiwl slacl g5le la> (sl (Under Score ) cudle 31 olgi oo olael oy o5y 0l aunlgs

(0,5 oolaiwl sae glatl jo g sod Cdle ol 5l as Clils zoi Wb ) A8 o Bi

U pansashas
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PaS s m2l 31 55 sl O s a4 dlael iy a5 (1Sl Verilog

((Dgd ooy S VY (py0in Oiso 4 ojlail o olacl) o3lal o g o3lail glyls olael <
S el e aigd ool Jolad S8 By L L [ SKLS) L Jlewwd 358 ¢ Jlowws « JUSgl ¢ 60 ol alises sl L jo olae] <

(Wgd o0 00ld Jiuled S¢S 9 5,5 Sg,> L

PAbl oo g Oy Verilog o slael IS Cw )8
<Size>'<Radix><Value>

Value = ,lads « Radix = L « Size = ojladl
WS e B3 | b alols ol Sg5 skay Verilog osgs jloxe slael i g Lus « o5l gl LSl ey alols 0533

A aublys Lol alisee slo ioles glgl b Jlo (ol jo 10 Jlie

unsized 32 bits 00000000000000000000000000000001 1

sized hex 10101010 8'haa
sized binary 100011 6'b10_0011
unsized 32 bit hex 00000000000000000000000000001111  'hF

8bit sized hex 11110001 8'F1

16bit with separated digits 1111111111110000 16'FF FO
16bit with separated digits 1111111111110000 16'FF_FO

'

JES VLN W ]
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Al oo delol oals aseio ojluil azgi b g g4, Conly Coows 3l Slacl Verilog o
A8 ,S co BA> o Coww a8l polie ¢« wlL Hlade 5l i8> 6S o3lail ST <

u‘;’T;‘ IRWIRCT PR W ow‘ywwwu}J}"c\;obeWomb U polae ¢ ol laae 5l 555 oslal ST <
Db dlex p X gZbews s aisbXlbgZ e p, ST 0Losbll 0 e

SN

Truncated , not 11001010 001010 6'hcA

Filled with two 0 on Tleft 001010 6'hA
Filed with 16 z 2722222722222222Z2Z2Z2Z 16'bz
Filled with 8 X X X X X X X X X 8"'bx

Verilog »o Siudia dlacl o

BB oo sae 4y 5 00,5 Wy, |y olacl ol [Sog5 ob a4 Verilog .ail oo Llo |y ol g pxio Oy B> olael 3l glociiy <L Verilog )L

g iy pa sale b g Jlomws ioled b aiilys oo ik dlael aidl X b Z Jalds ablys o5 e olutel 038 s oo abisls o (55l 0,050

<Value>.<Value>
<Mantissa>E<Exponent>

Mantissa = (s,licl o8, « Exponent = lg3

|
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// valid Real Numbers
1.2 0.6 3.142673 3.6E8 2.7461E6

Verilog )3 wwole (5 9 )ld e dlacl o
2 g e 99 08,91 )] 5 8 — Cudle a5 (g03e o wiS astiue |y dlael 095 b g og Lo Cudle wuily e LS00 slo b wsile Verilog o
S 0 0, 90 pede O ygea | i olacl Verilog ogs wales Cuiie Dygo (ol

Verilog »o Lm“;»)% o
Jorle ples .ol (29,5 (g3l 5 (639)9 olani sl Wilgs (oo Jozlo po il (o0 S0uSh 9 9 Lo bl Jozle LLS)I il dly o la o)

sl g sl aslg o (il aladis 55 Jozlo 0 VL) ol Jyzle s la

PAbl oo 2 Oygar Dyg iy (S CIB Loged Ly pal (29,5699,9 b g (79,5 ¢ (99,9 e Ol o 1yl S ye

input [range_vals:range_var] list_of_identifiers;
output [range_vals:range_var] list_of_identifiers;
inout [range_vals:range_var] list_of_identifiers;

SIS 8B (g, 5 o5 U9, 1 2l D9z Verilog ()L ;o (g, 99 g sk ble &g LS (6l

el 00 ooﬁT Cygy Cpad ) 45(5,.:5)3 Olod a4y (IR |)l.asc_»)5.4 o Jlail sl e cuwls ‘_,’_AJ?LQ 3l diged r:li;.a A o by O

PR JB ) o sl sl GBI wils Jate plr @ (255 Sum o meslyze ST s, Crl 0 ke

Port*
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.port_name( external_signal_name)

tox Sl 00l 00l tales 20 LS by, 99 pgd (iSu 90 ;0 . el o 035l b &g iy yad Sl iz Jle cpl Jol GiSu 0 A ke
sl Oje haid L3 Glxas o) Wil oo mog 00,5 (i M3 a5 adder Joxbe l diges S Sen (adderb U adderl) £ U ) (gl oaisS

(ol S5l il & 0l onds iy, Jgzlo ol

input
input
output
inout

adderl
adder?2
adder3

adder4
adder5
adder6

clk;
[15:0] data_in;
[7:0] data_out;
[15:0] data_bus

el 00 oolaiwl (6,188 Pk 09, 3 P Y sl ow@?)éjsﬁ;):" oY)

// Clock input

// 16bit Data input bus

// 8bit Data output bus

// 1l6bit Bi-Directional data bus

adder( data_a, data_b, carry_i, summation, carry_o);
adder( data_a, data_b, carry_i, summation);
adder( data_a, data_b, carry_i, , carry_o);

adder( .a(data_a),
adder( .a(data_a),
adder( .a(data_a),

.b(data_b), .sum(summation), .ci(carry_i), .co(carry_o));
.b(data_b), .sum(summation), .ci(carry_i));
.b(data_b), .ci(carry_i), .co(carry_o));

u pusashn
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<array_type> <array_name> [ #first_element : #last_element ]
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reg [ #word_size : 0 ] array_name [0O:array_size]
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reg register; // Declaring a one bit Register
wire [15:0] Databus; // a 16 nets Representing a 16bit bus
reg [31:0] AddressReg; // a 32 bit Register
integer Counter; // Integer Data Declaration
real Real_Data; // Real Data Declaration
integer Output_bata[15:0]; // Array of 16 integers
reg membit[0:1023]; // 1K x 1bit memory
reg [7:0] membyte[0:1023]; // 1K x 8bit memory
reg [8717:0] version ; // Declare a register variable that is 18 bytes
initia
version = " version 1.0"; // Filling String inside initial procedural block

Verilog )3 & Jgalo o

0 7 oze & Jszle Guyed IS QB Lnls s oo o sl (S o szle i egms 4y i5u (nl )8 ¢ meal Ll L3 Verilog o b Jszle b

module module_name ( port list );
port declarations (if ports present)
parameters (optional)
Declaration of wires, regs and other variables
Data flow statement (assign)
Instantiation of lower level module
always and initial blocks, all behavioral
statements go in these blocks
tasks and functions

end module

%
|

V¥ o
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Logic Gates !
Transmission Gates °
Switch *

Inverter *
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Tri State Buffer °
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nor 399Nk NOR .8
xor gD— 29,9 N L XOR .5
xnor QD— 39,9 N LXNOR .5
buf —D— o NG L es
bufifo _ﬁ_ owl Je il ans il
bufifl } U Jib il 4w 3l

and

nand

or

not

notif0

ol JWb adls an Sl

notifl
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module and_from_nand(X, Y, F);

input X, Y;
output F;

wire W;

nand U1(X, Y, W);
nand U2(W, W, F);

endmodule
b o0 F95 F 989959 Y 9 X Jezlo ol 5o
g oo il (60 g5 MW odd SO el b Jle cpl jo: VY L

module dff(Q, Q_BAR, D, CLK);

output Q,Q_BAR;
input D, CLK;

nand U1(X, D, CLK);
nand U2(Y, X, CLK);
nand U3(Q, Q_BAR, X);
nand U4(Q_BAR, Q, Y);

endmodule

Wil (o0 29,7 QBAR 5 Q ¢ (695,9 CLK 5D Js2bo ol 5o
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module mux4_to_1 ( out, i0, il, i2, i3, sl1l, sO );
output out;
input i0, 1il, i2, i3, sl, sO;

// Internal wire declaration
wire sOn, sln, y0, yl, y2, y2;

// Gate instantiations
not ( sln, sl );

not ( sOn, sO );
and ( y0, i0, sln, sOn );
and ( y1, i1, sln, sO );
and ( y2, i2, s1 , sln );
and ( y3, i3, s1 , s0 ); R e S i
or ( out, y0, yl, y2, y3 ); i0 -1 yo ,
endmoduTe : :
I I
- P :
I
! |
" (= =
: I
. !
i3 =+ D.L l
|
E sin sOn :
I
A A i
| |
' I
st :
50 —4 |

Multiplexer *
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module fulladd(sum, c_out, a, b, c_in);
output sum, c_out;
input a, b, c_in;

wire sl1, cl, c2;

b);
b);

xor(sum, sl, c_in);
and(c2, s1, c_in);

xor (sl, a,
and (cl, a,

or(c_out, c2, cl);

endmodule
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5 10 full | ¢ full | o full | 3 full | | c_out
C_in—pw| adder— adder——m adderf—— adder —-l——-b
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sum|0] sum/[1] sum|2] sum(3]
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module fulladder4(sum, c_out, a, b, c_in);

output [3:0] sum;
output c_out;

input [3:0] a,b;
input c_in;

wire cl, c2, c3;

// Making Four Instances of fulladder which defined before

fulladd faO(sum[0], c1, a[0], b[0], c_in);
fulladd faO(sum[1], c2, all], b[1], cl);
fulladd faO(sum[2], c3, a[2], b[2], c2);

fulladd faO(sum[3], c_out, a[3], b[3], c3);

endmodule
5 0,5 Gilw dged mog 00,5 Al 8 isw 0 aS Can ST ouisS e 3l L ez Jle 0l jo 098 o camlin Verilog oS o a5 jghiles

‘-g,.n)yo.’ ‘5‘>‘).'a ‘)W)LP o&Jéop- ui’ QT ‘E.M.’j.’
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assign <delay> Assignment-Lists;
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Continuous Assignment !
Implicit Continuous Assignment 2
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module mymodule_continuous_assignment( out, i1l, 12 );
output out;
input il,12;
assign out = il & i2; // Continuous Assignment
endmoduTe
module mymodule_implicit_continuous_assignment( out, il, 12 );
output out;
input il,12;
wire out = il & i2; // Implicit Continuous Assignment
endmoduTe

[EPVENCR
axgi Wb oS bl |, ail o ngb.m s oS lasl LU gl b a5 sle U Verilog jo ol oo (gle acd gl ol 5 o8ly jelaie o
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Delay !
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[/ ----- Inertial Delay Example -------
module and_with_delay( o1, 1il, 12);
output ol;

input il, i2;

assign #5 ol = il & i2; // Inertial Delay

endmodule

/] —===- Implicit Delay Example ------

wire #5 out; ]

assign out = 11 & 12; // Implicit Delay during Assignment

B "Wigles 5 'l Shos ¢ 01yLs (A
A 0, T 4 B a5 ail sl eols glgil 51 (S ilgs oo Wgkee S <
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//------- Arithmetic Operations -------- //
A = 4'b0011; B = 4'b0100; D = 6; E = 4;

A*B // Evaluated to 4’b1100
D/E // Evaluated to 1
A+B // Evaluated to 4’b0111

inl = 4'b101x; in2 = 4'b1010;
= inl + in2; // Evaluated to 4'x

| m=mm=== Logic Operations -------- //
0.

B
// Evaluated to 0 ( False )
// Evaluated to 1 ( True )
A // Evaluated to 0 ( False )

= 2'bx0; B = 2'b10;
& B // Evaluated to x ( unknown )

'bl; B = 2'b00; € = 2'b10; D = 3'b110;
C }; // Result y is 4’b0010
B

A

A

//------- Concatenation & Replication -------- //

A

y

y ,C, D, 3'b001 }; // Result y is 11’b1_00_10_110_001

J/-----—- Conditional Operations -------- //
// Models functionality of a tri state buffer

assign addr_bus = drive_enable ? addr_out : 32'bz;

//------- Equality Operations -------- //

A=3; B=3; X=4"p1010; Y = 4'b1101; Z = 4'blxzz; M = 4'blxzz; N = 4"blxxx;
A == B // Result is logical 0

A !=B // Result is logical 1

X == 7 // Result is x

Z === M // Result is logical 1

Z === N // Result is logical 0

M l==M // Result is logical 1
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module mux4_to_1 ( out, i0, il, i2, i3, sl1, sO );
output out;
input i0, 1il, i2, i3, sl, sO;

assign out =s1 ? (sO 7?43 : 142 ) : (sO? 141 : 10 );
endmodule
module fulladd4 ( sum, c_out, a, b, c_in );

output [3:0] sum;

output c_out;

input [3:0] a, b;

input c_in;

assign { c_out, sum } = a + b + c_in; // Concatenating assignment
endmodule
module Comparator ( a_gt_b, a_eq_b, a_lt_b, a, b, gt, eq, 1t );

output a_gt_b, a_eq_b, a_lt_b;
input a, b, gt, eq, 1t;

assign agtb=Ca&gt) | (~b&gt) | (a&~b);
assign a_eq_b = (a &b & eq ~a & ~b & e ;
assign a_lt.b=(~a&1t) | (b&1t) | (~a&b);

endmodule
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ansls b Sl plo 5l g Jitee sl S5l o 5 2igd o Lzl alSlaz jsla 5w b jio loj ,o b Sl aem ¢ sl axsls initial S'sly (paiz S
b (o
e led colawl join g fork ljsws by g end g begin &l jgiws 51 aul ol aills jews pais 4l colu Seb G (9,0 mdledu a5 S50 )0
join g fork oljsiws 5l aS Jyee j0 000,51zl 6,50 5l G (o Ssb 9,0 Slygiws oS oolaiul end g begin &l jgiws 5l aS S jse,0
g o0 12l KasH b lojes Sols 9,0 Ol jgiws pled puled oolaiul
cak slo Gl 0,5 o Gley S (5,8 e (pl 40 0,5 eelss cdmlie |, a8l cle sl Sob l eolatwl ogos Jlo ol o YA Jle
abgs oloj axly caw p ol pll plasl loj Hetws o sol> ail by a>ly O enable wls (45,5 jae ooy 5 by a1y ¥ data g reset

95 ble fork g begin ol ygiws Golas b ol snds

initial
begin
clk = 0; // Execute finish at #3 clk
reset = 0; // Execute finish at #6 clk
enable = 0; // Execute finish at #11 clk
data = 0; // Execute finish at #14 clk
end
initial
fork
clk = 0; // Execute finish at #3 clk
reset = 0; // Execute finish at #3 clk
enable = 0; // Execute finish at #5 clk
~ data =0; // Execute finish at #3 clk
join
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if(Condition)
Statement which executed when Condition 1is True
else if(Second Condition)
Statement Which executed when Second Condition is True
else
Statement Which executed when None of these Conditions are True

Sgad oolaiul else if & jle 1 olads 4 lg5 o b pd Solh Gy il o g liSlelseif gelse bbb ol )le

if (reset == 1'b0)
counter = 4'b0000;

else if (enable == 1'bl && up_en == 1'bl)
counter = counter + 1'bl;

else if (enable == 1'bl && down_en == 1'b1);
counter = counter - 1'b0;

else
counter = counter;

Case pgiwd o

w20 oo iuled gams gla Jlo P o 1) jeiws ol sleolasnl ogoe abl oo own gt 4l p slo L) Ko ales lads jeiws (pl o S8
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@(clock) g = d; // Triggered with any change in clock

@(posedge clock) q = d; // Triggered positive edge of clock

@(negedge clock) q = d; // Triggered negative edge of clock

g = @(posedge clock) d; // d is evaluated immediately and assigned to q at positive edge of clock

s event ojls oS L slus; cnl s pnles o5 | o syl @dlse 5o 5 0505 chuyal 1) sl o olss oo Verilog ot ol by olag gy J S

Do oo plmil > b ] 005 S o0

el g sl Cend s b UK Uy b Sy, Cppl ) 055 o ol b JUS b o Sl 0,5 OF

s oo Leal Sl aim b S 5 b b b slagg, 5l esliiul ogms b Jlie ol jo: YV s

// ----- Event Control by Name ------
event rec_data; // Defining Event
a1wags @(posedge clock) // Triggering at Positive Edge
egin
g if( last_data_packet ) ->rec_data; // Triggering defined event
en

always @(rec_data)
data_buf = { data[0] , data[l], data[2], data[3] };

// ----- Event Control by Multiply Signals ------
always @(posedge clock or reset)

begin

if( reset ) q = 0;

else q = d;
end

Trigger !
Sensitivity List 2
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// Behavioral model of a 4-to-1 multiplexer
module mux4_to_1 ( out, i0, il, i2, i3, sl1l, sO );
output out;
reg out;
input i0, il, i2, i3, sl, sO;
always @(C i0 or il or i2 or i3 or sl or s0O )

begin
case { s1, sO }
2'b00 : out = 1i0;
2'b01 : out = i1;
2'b10 : out = i2;
2'bll : out = i3;
defualt : out = 1'bx;
endcase
end
endmodule

SIS Floaw ) (i )3 S VIde AL e

oS oo ol Jis sz S3L e law ol Al
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module d_ff ( d, clk, rst, q );
input d, clk, rst;
output q;
reg q;

always @( posedge clk )
begin

if (rst)
= 1'b0;

endmodule

always Ssb clk celo (b G s 058 o0 0dplie a5 jshailen all oo O s 29,5 q 9 el Wb clk cooly (g0g,9d Jle (ol o

b saly> 6399 plp 79y WAL ) 19 ad wales jho plp 2y wBk ) Cu) Gl ST 0ed (oo |2

module d_ff ( d, clk, rst, q );
input d, clk, rst;

output q;
reg d;
always @( posedge clk or posedge rst)
begin
if (rst)
g = 1'b0;
else
q=d;
end
endmodule

V s,y TS 098 oo 1yl Conny b b g Cels (b 0aig, YU ad jo always Sgh g ,Scuw] Cans,y bodi)lads 10 040 (o sdplie 45 jshilen

85 oo )l A (S (999 plp 1, Qa5 Wl 0 OO Cold (6l el (Wb Slime 4 Bl Y Gy ST5 0 walys jho g (2 p s

FF amino
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module counter ( clk, 1d, rst, u_d, d_in, q );
input clk, 1d, rst, u_d;
input [3:0] d_in;
output [3:0] q;

reg [3:0] q;
always @( negedge clk or posedge rst)
begin
if (rst)
g = 4'b0000;
else if( 1d )
g = d_in;
else if( u_d )
q=4q+ 1;
else
q=4q-1;
end
endmodule

AS bl o)) Giogi gy 4 (S A 0aiS 5,5 [ 0aisS e G VO Lo
oy 5l a8 ol o anil allls axgl .Ml.gksoks?-s)} res g (g ,4 L.@.?QL_A.Q; oper ¢ S A Solop e s04,9b ga om@?w! N
W‘OM)-EJJ)AO

module addsub(a, b, oper, res);
input oper;
input [7:0] a;
input [7:0] b;
output [7:0] res;
reg [7:0] res;
always @(a or b or oper)
begin
if (oper == 1'b0)
res = a + b;
else
res = a - b;
end
endmoduTe

E
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module decoder_using_case ( binary_in, decoder_out, enable);
input [3:0] binary_in ;

input

enable;

output [15:0] decoder_out;

reg [15:0] decoder_out;

always @ (enable or binary_in)

begin

decoder_out = 0;
if (enable) begin
case (binary_in)

end
end
endmodule

4'h0O :

4'hl :

4"h2
4'h3
4"h4
4'h5
4"h7
4"h8
4"h9
4"hB

4"hD

endcase

decoder_out
decoder_out

: decoder_out
: decoder_out
: decoder_out
: decoder_out
4'h6 :
: decoder_out
: decoder_out
: decoder_out
4'hA :

decoder_out

decoder_out

: decoder_out
4'hC :
: decoder_out
4'hE :
4'hF :

decoder_out

decoder_out
decoder_out

// Will be Triggered if binary_in or enable changed

16'h0001;
16'h0002;
16'h0004;
16"'h0008;
16'h0010;
16'h0020;
16'h0040;
16'h0080;
16'h0100;
16'h0200;
16'h0400;
16'h0800;
16'h1000;
16'h2000;
16'h4000;
16"'h8000;

module decoder_using_case ( binary_in, decoder_out, enable);
input [3:0] binary_in ;

input

enable ;

output [15:0] decoder_out ;

wire [15:0] decoder_out ;

assign decoder_out

endmodule

= (enable) ? (1 << binary_in)

— ]

1

: 16'b0 ;
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module clk_div_by2 (clk_in, enable,reset, clk_out);

input clk_in, reset, enable;
output clk_out;

wire clk_in, enable;
reg clk_out;

always @ (posedge clk_in)
begin
if (reset)
clk_out <= 1'b0;
else if (enable)
clk_out <= !clk_out ;
end
endmodule

FE P TEEENTN [ PRTUC B
295 Gl 5o sy (oo s Cdgl HosSSl Sy 8l L oy a4 Zagl b oS e S sl b jo Ty (Jgeme 050l g 505500 S
Sg aales binary_out o > 29,5 cdiS asis encoder_in o VF g ls p (609,9

b pnsrshom
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module pri_encoder_using_if ( binary_out, encoder_in, enable); // Priority Encoder
output [3:0] binary_out;
input enable , [15:0] encoder_in;
reg [3:0] binary_out ;
always @ (enable or encoder_in)
begin
binary_out = 0;
if (enable) begin
if (encoder_in[0] == 1) begin
binary_out = 1;
end else if (encoder_in[1l] == 1) begin
binary_out = 2;
end else if (encoder in[2] == 1) begin
binary_out = 3;
end else if (encoder in[3] == 1) begin
binary_out = 4;
end else if (encoder in[4] == 1) begin
binary_out = 5;
end else if (encoder in[5] == 1) begin
binary_out = 6;
end else if (encoder in[6] == 1) begin
binary_out = 7;
end else 1if (encoder in[7] == 1) begin
binary_out = 8;
end else if (encoder_in[8] == 1) begin
binary_out = 9;
end else if (encoder in[9] == 1) begin
binary_out = 10;
end else if (encoder in[10] == 1) begin
binary_out = 11;
end else if (encoder in[11] == 1) begin
binary_out = 12;
end else 1if (encoder_in[lZ] == 1) begin
binary_out = 13;
end else if (encoder_in[13] == 1) begin
binary_out = 14;
end else if (encoder_in[14] == 1) begin
binary_out = 15;
end
end
end
endmodule
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module shift (clk, si, so);
input clk,si;
output S0;
reg [7:0] tmp;
always @(posedge clk)

begin
tmp <= tmp << 1;
tmp[0] <= Si;

end

assign so = tmp[7];
endmodule

SIlge (293 « Jlpww (53999 « uwly /o plan ) b e
sZ9> 5 (leftright ) coljoer cind 5 OLetle (81) Jbyw 6395 « (clk ) celo by (6395 b (35,50 ) Cded S Jle (l o
@S (oo regi |y (PO) (5le

module shift (clk, si, left_right, po);
input clk, si, left_right;
output po;
reg [7:0] tmp;
always @(posedge clk)
begin
if(lTeft_right == 1'b0)
tmp <= { tmp[6:0], si };
else
tmp <= { si, tmp[7:1] };
end

assign po = tmp;
endmodule
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module ripple_carry_counter(q, clk, reset);
output [3:0] q;
input clk, reset;
T_FF tff0(q[0], clk, reset);
T_FF tff1(q[1], q[0], reset);
T_FF tff2(q[2], q[l], reset);
T_FF tff3(ql3], ql2], reset);

endmodule

oS Gogd 1) T_FF Joxle aul Jlo ol ool solaiwl cal T ggs M s SO Joo a5 T_FF Jg>bo 5l diges gz 51 YL Joxbo jo

TFF 4
B R n o K B
| — |
| d |
| q |
Clock——1—'c D-Fl. '
| |
| [ |
b s ._l_ PR,
reset
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module T_FF(q, clk, reset);

output g;
input clk, reset;

D_FF dff0(q, , ~q, clk, reset); // ~q mean’s Q-Bar ( Q Not ), gbar not needed leave it unconnected
endmoduTe

Sy oo O Cogh A Cogs aS el a soliiwl D ggi M codd o I T O Codd Lo gy wig 4o

clear

clk
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module D_FF(q, g_bar, d, clk, reset);

output q;
input d, clk, reset;

wire s, sbar, r, rbar, cbar;

assign cbar = ~sbar;

assign sbar = ~ (rbar & s),
s = ~(sbar & cbar & ~clk),
r = ~(rbar & ~clk & s),
rbar = ~(r & char & d);

assign qg = ~(s & gbar),
gbar = ~(q & r & cbar);

endmodule
S8, ol mhaw 10 (65 ool gy 4 |y OB sl gy e andl aS sl ouls (g5le Jow b ools b mlaw o 0N Cold Lkl o
DS oo odalie aalol o 1) a8 aS 0,5 5l Jow

module D_FF(q, g_bar, d, clk, reset);

output q;
input d, clk, reset;
reg q;
always @ ( posedge reset or negedge clk)
begin
if(reset)
qg = 1"b0;
else
q=d;
gbar = ~q;
end
endmodule
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“define TRUE 1'bl
“define FALSE 1'b0
“define RED 2'd0
"define YELLOW 2'd1l
"define GREEN 2'd2

//State definition // Highway Secondary Road
“define SO 3'd0 // G R

“define sl 3'dl // Y R

“define s2 3'd2 // R R

“define S3 3'd3 // R G

“define sS4 3'd4 // R Y

// Delays

“define Y2RDELAY 3 // Yellow to Red delay
“define R2GDELAY 2 // Red to Green delay

module sig_control( hwy, secondary , X, clock, clear);

// I/0 Ports
output [1:0] hwy, secondary ;

// 2-bit output for 3 states of signal
reg [1:0] hwy, secondary ;

input X; // if_1 indicate there is car on the secondary road
input clock, clear;

reg [2:0] state;
reg [2:0] next_state;

// Signal Controller Starts in SO State

initial

begin ‘
state = SO;
hext_state = SO;
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hwy = "GREEN;
secondary = RED;
end

// state changes only at positive edge of clock
always @ (posedge clock)
state = next_state;

// Compute Values of Highway Signal & secondary Road Signal
always @(state) // only executed when state changes

begin
case(state)
"SO: begin
hwy = GREEN;
secondary = RED;
end
"S1: begin
hwy = "YELLOW;
secondary = RED;
end
"S2: begin
hwy = RED;
secondary = RED;
end
"S3: begin
hwy = RED;
secondary = GREEN;
end
"S4: begin
hwy = RED;
secondary = YELLOW;
end
endcase
end
always @(state or clear or X)
begin
if(clear) ‘
next_state = SO0;
else
case(state)
"S0: begin
if(x)

next_state = S1;
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else
next_state = SO;
end
"S1: begin
repeat ( Y2RDELAY) @ (posedge clock);
next_state = S2;
end
"S2: begin
repeat ( R2GDELAY) @ (posedge clock);
next_state = S3;
end
"S3: begin
if(x)
next_state = S3;
else
next_state = S4;
end
"S4: begin
repeat ( Y2RDELAY) @ (posedge clock);
next_state = SO;
end
default: next_state = SO;
endcase;
end
endmodule
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repeat (<number-of-repeats> @ (<at-specified-event>)

begin

end

<Statement>
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module parity_using_assign (
data_in , // 8 bit data 1in
parity_out // 1 bit parity out

);
output parity_out;
input [7:0] data_in;
wire parity_out;
assign parity_out = (data_in[0] A data_in[1]) A
(data_in[2] A data_in[3]) A
(data_in[4] A data_in[5]) A
(data_in[6] A data_in[7]);
endmodule

Parity bit Generator *
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